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Condition factorAbstract Research on morphometrics, size frequency, length–weight relationship and condition
factor belonging to both sexes of Merluccius merluccius in the Egyptian Mediterranean waters
off Alexandria in the period from 2009 to 2011. The differences between the mean values of the
measured morphometric characteristic in the females and males were statistically signiﬁcant in eight
of the ﬁfteen morphometric measurements. The total length–gutted weight relationship was
determined for males (Log a= 2.5016, b= 3.22296), females (Log a= 2.5886, b= 3.2816)
and combined sexes (Log a = 2.5069, b= 3.22738). Total length–weight relationship was for
males (Log a= 2.4715, b= 3.2230), females (Log a= 2.6279, b= 3.3182) and combined sexes
(Log a= 2.46607, b= 3.21954). Condition factor was calculated by gutted weight. Females have
higher condition value (0.670) than males (0.640). The highest value of condition factor was
recorded in winter.
ª 2014 Hosting by Elsevier B.V. on behalf of National Institute of Oceanography and Fisheries.Introduction
Members of family Merluccidae (hakes) gave a worldwide dis-
tribution generally in temperate waters. In tropical waters they
are present in active upwelling zones. On the eastern Atlantic
there are seven varieties either classiﬁed as seven subspecies
of Merluccius merluccius (France, 1960; Jones, 1974) or as
separate species. These seven family members demonstrate a
high degree of mixing and are found from Norway to SouthAfrica (Waldron et al., 1982). European hake Merluccius is a
demersal and bathypelagic species, found between 27W and
40E longitude and between 16N and 70N latitude, in
temperate areas of the eastern Atlantic i.e. from the coast of
Norway to the Iceland of Mauritanian waters (Lioris and
Matallanas, 2003). In the Mediterranean Sea, the highest
concentrations of individuals are found at depths from
100 m to 200 m, and increasing in abundance from west to east
(Oliver, 1991; Orsi-Relini et al., 2002; Maynou et al., 2003). In
Egyptian Mediterranean waters this species was recorded by
Soliman (1973, 1992) and Abdel Aziz (1976).
The present paper provides comparison between the two
sexes of M. merluccius in morphometric, size frequency,
310 A.E. Philipslength–weight relationship and coefﬁcient of condition in the
EgyptianMediterranean waters off Alexandria, in order to pro-
vide a more comprehensive examination of the trophic ecology.
Materials and methods
A total of 533 ﬁshes ofM. merluccius varying in length between
14.2 and 43 cm (TL), were collected from the trawlers operating
in the Egyptian Mediterranean waters off Alexandria during
the period from 2009 to 2011. For each ﬁsh total length (cm),
total weight (g), gutted weight (g) and sex were recorded. For
comparing morphometric measurements between two sexes,
ﬁfteen morphometric measurements were carried out on ﬁsh
material for 299 males and 171 females separately at the same
length group (20–36 cm) using covariance analysis (Snedecor
and Cochran, 1982). The morphometric measurements related
to total length included the following standard length (ST.L),
head length (H.L), pre-ﬁrst dorsal length (pr.D2), ﬁrst dorsal
ﬁn length (D1F.L), pre-second dorsal length (pr.D2), second
dorsal ﬁne length (D2.F.L), pre-pectoral length (pr.P.L), pre
ventral length (pr.V.L.), pre-anal length (pr-A-L.) and body
girth (B.G), while maxillary length (MX.L), pre–orbital length
(pr-O-L), eye diameter (E.D.) and inter orbital width (I.O.W)
were related to head length weight relationship which was
determined from the following equation (LeCren, 1951).
Log w ¼ Log aþ b Log l
where b= is the slope and Log a in the intercept.
In the present study, gutted weight was used in order to
exclude the effect of stomach contents and weight of gonads
(Lagler, 1956; Ricker, 1975).
Recalculation of length–weight relationship was also done
using the total Weight for comparing the results obtained inTable 1 Comparative relationship of morphometric measuremen
Mediterranean waters off Alexandria.
Morphometric measurements Males
Mean (cm) a b r2
In total length
St.L 24.41 0.5111 0.9163 0.995
H.L 7.51 0.6912 0.253 0.954
Pr.D1. 7.23 0.9281 0.2316 0.903
D1.F.L 2.13 0.4994 0.0965 0.966
Pr.D2. 10.34 0.4393 0.3642 0.988
D2.F.L 11.45 0.1042 0.4249 0.969
Pr.P. 7.09 0.0102 0.2609 0.981
Pr.v. 5.52 0.6535 0.1789 0.950
Pr.A.L 11.02 0.0327 0.404 0.993
A.F.L. 11.12 1.8753 0.4749 0.984
B.G. 10.99 0.6882 0.4292 0.984
In head length
Mx.L. 3.93 0.2944 0.1335 0.962
Pr.o. 2.48 0.1273 0.0865 0.962
E.D 1.54 0.5942 0.0348 0.859
I.o 1.99 0.3064 0.0618 0.926
a= intercept; b= slope; r2 = correlation coefﬁcient; FB: test of slope; F
* Signiﬁcant at 5% level.
** Signiﬁcant at 1% level.the present study with those given by other authors in various
localities.
The condition factor (K) was calculated from the following
equation (Lecren, 1951)
K ¼ 1000W
L3
where
W= gutted weight (g)
L= total length (cm)
Results
Morphometric characters
The comparison of eleven morphometric characters in total
length and four in head length between males and females
M. merluccius in the Egyptian Mediterranean waters off
Alexandria is presented in Table 1. Analysis of data indicates
that females have higher mean values than that of males in
all examined morphometric measurements except the eye
diameter (Table 1 and Fig. 1) covariance analysis shows that
females have higher signiﬁcant difference than that of males
in seven morphometric characters: head length (H.L),
pre-ﬁrst dorsal length (Pr-D1), length of ﬁrst dorsal ﬁn
(D1.F.L), pre-second dorsal length (Pr-D2), body girth
(B.G) pre-orbital length (Pr-O) and inter orbital width
(I.O.W). For males only eye diameter (E.D) was signiﬁcantly
higher than that of females.ts for both sexes of Merluccius merluccius from the Egyptian
Females FB FM
Mean (cm) a b r2
9 24.87 0.4598 0.9169 0.9944 1.049 0.268
6 7.67 0.4345 0.2931 0.9259 2.966* 0.199
6 7.41 0.7816 0.2966 0.9795 33.474** 7.333**
2.24 0.046 0.0798 0.8341 2.122 2.558*
4 10.66 0.7029 0.4112 0.9858 7.216** 2.522*
9 11.58 0.0207 0.4200 0.9716 0.0350 0.168
7 7.21 0.2213 0.2531 0.9877 0.732 0.001
3 5.56 0.1517 0.1956 0.9466 0.984 0.310
11.21 0.2725 0.4155 0.9825 0.411 0.181
5 11.28 0.6867 0.4332 0.9511 0.005 0.025
5 11.33 0.685 0.4348 0.9667 1.4819 9.955**
6 3.99 1.2665 0.0985 0.9447 0.003 0.036
1 2.58 0.0925 0.0968 0.9797 1.786 2.8197*
7 1.50 0.4615 0.0376 0.8419 0.226 4.088*
7 2.09 0.2103 0.068 0.8103 0.540 31.41**
M: test of adjusted mean.
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Figure 1 Comparative relationship of morphometric measure-
ments for both sexes of Merluccius merluccius from the Egyptian
Mediterranean waters off Alexandria.
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Size composition for both sexes ofM. merluccius in the present
study is represented in Table 2. It is clear that the size of males
ranged from 14 to 36 cm with an average of 25.44 cm while
females predominated the larger size (20–43 cm) with an aver-
age of 29.69 cm. Majority of this species (combined sexes) in
the present study have length ranging between 20.0 and
36.0 cm forming about 88.6% of the total catch.Table 2 Length frequency distribution of M. merluccius from the E
Total Length groups (cm) Males
No. %
14 2 0.60
15 5 1.49
16 2 0.60
17 7 2.09
18 10 2.99
19 10 2.99
20 14 4.18
21 15 4.48
22 21 6.27
23 23 6.87
24 22 6.57
25 22 6.57
26 27 8.06
27 36 10.75
28 33 9.85
29 24 7.16
30 24 7.16
31 15 4.48
32 12 3.58
33 6 1.79
34 3 0.90
35 1 0.30
36 1 0.30
37
38
39
40
43
Total no. 335
Average ± st.d 25.44 ± 4.2914Length–weight relationship
Data for length–weight relationship were based on 533 ﬁsh
ranging in length from 14 to 43 cm, including 335 males and
198 females (Table 3). By using the corresponding gutted
weight and total weight, the following equations were obtained
A: Total length–gutted weight relationship:
For males Log w= 2.50156 + 3.22296 Log L
R2 = 0–99752
For females Log w= 2.58859 + 3.28163 Log L
R2 = o.99749
For combined sexes Log w= 2.50695 + 3.31818 Log L
R2 = 0–99837g
F
N
2
6
8
1
1
1
2
1
8
6
8
1
1
8
9
1
1
8
8
5
3
3
1
2yptian Mediterranean wate
emales
o. %
1.01
3.03
4.04
0 5.05
4 7.07
8 9.09
0 10.10
0 5.05
4.04
3.03
4.04
0 5.05
1 5.56
4.04
4.55
1 5.56
2 6.06
4.04
4.04
2.53
1.52
1.52
98
9.69 ± 5.5938B: Total length–weight relationship:
For males Log w= 2.47152 + 3.22304 Log L
R2 = 0–98310
For females Log w= 2.62795 + 3.31818 Log L
R2 = 0 .99872
For combined sexes Log w= 2.46607 + 3.21954 Log L
R2 = 0–99905rs off Alexandria.
Combined sexes
No. %
2 0.38
5 0.94
2 0.38
7 1.31
10 1.88
10 1.88
16 3.00
21 3.94
29 5.44
33 6.19
36 6.75
40 7.50
47 8.82
46 8.63
41 7.69
30 5.63
32 6.00
25 4.69
23 4.32
14 2.63
12 2.25
12 2.25
13 2.44
8 1.50
8 1.50
5 0.94
3 0.56
3 0.56
533
27.02 ± 5.2896
Table 3 Mean observed and calculated total and gutted weights (gm) per 1 cm total length of M. merluccius in the Egyptian Mediterranean waters off Alexandria.
Total length (cm) Gutted weight Total weight
Empirical weight Calc. weight Empirical weight Calc. weight
Males Females Com. sex. Males Females Com.sex. Males Females Com. sex. Males Females Com. sex.
14 16.60 (2) – 16.60 (2) 15.57 – 15.56 17.60 (2) 17.60 (2) 16.96 16.75
15 19.38 (5) – 19.38 (5) 19.45 – 19.44 20.40 (5) 20.40 (5) 20.85 20.91
16 24.44 (2) – 24.44 (2) 23.95 – 23.94 27.15 (2) 27.15 (2) 25.67 25.74
17 29.50 (7) – 29.50 (7) 29.12 – 29.12 33.90 (7) 33.90 (7) 31.21 31.29
18 37.51 (10) – 37.51 (10) 35.01 – 35.02 39.57 (10) 39.57 (10) 37.52 37.61
19 42.00 (10) – 42.00 (10) 41.67 – 41.69 43.50 (10) 43.50 (10) 44.66 44.76
20 46.40 (14) 45.80 (2) 46.33 (16) 49.16 47.96 49.2 50.93 (14) 46.82 (2) 50.42 (16) 52.69 50.61 52.8
21 53.38 (15) 55.00 (6) 53.84 (21) 57.53 56.29 57.59 56.10 (15) 56.31 (6) 56.16 (21) 61.67 59.51 61.78
22 60.30 (21) 64.80 (8) 61.54 (29) 66.84 65.57 66.92 63.90 (21) 68.22 (8) 65.09 (29) 71.64 69.44 71.76
23 76.75 (23) 78.23 (10) 77.20 (33) 77.13 75.87 77.24 79.50 (23) 83.90 (10) 80.83 (33) 82.68 80.48 82.81
24 85.79 (22) 89.85 (14) 87.37 (36) 80.47 87.25 88.62 91.42 (22) 96.41 (14) 93.36 (36) 94.83 92.68 92.7
25 98.08 (22) 103.92 (18) 100.71 (40) 100.81 99.75 101.1 104.50 (22) 108.92 (18) 106.49 (40) 108.17 106.13 108.31
26 117.70 (27) 116.58 (20) 117.22 (47) 114.51 113.45 114.74 125.20 (27) 122.10 (20) 123.88 (47) 122.74 120.88 122.83
27 128.98 (36) 128.27 (10) 128.82 (46) 129.32 128.41 129.6 140.10 (36) 136.71 (10) 139.58 (46) 138.62 137 138.76
28 144.34 (33) 145.72 (8) 144.61 (41) 145.4 144.69 145.74 155.30 (33) 158.00 (8) 155.83 (41) 155.86 154.57 155.99
29 163.43 (24) 169.44 (6) 164.63 (30) 162.81 162.35 163.22 172.40 (24) 184.00 (6) 174.72 (30) 174.52 173.66 174.65
30 177.36 (24) 182.89 (8) 178.74 (32) 181.61 181.45 182.09 185.50 (24) 200.30 (8) 189.20 (32) 194.67 194.34 194.79
31 200.83 (15) 203.70 (10) 201.98 (25) 201.85 202.07 202.42 218.80 (15) 225.71 (10) 221.56 (25) 216.37 216.68 216.48
32 233.47 (12) 213.88 (11) 223.86 (23) 223.6 224.26 224.26 250.10 (12) 242.00 (11) 246.23 (23) 239.69 240.75 239.78
33 264.20 (6) 241.25 (8) 251.09 (14) 246.92 248.09 247.67 286.50 (6) 270.10 (8) 277.13 (14) 264.68 266.63 264.75
34 281.00 (3) 264.66 (9) 268.75 (12) 271.85 273.62 272.72 305.00 (3) 296.31 (9) 298.48 (12) 291.41 294.39 291.46
35 298.00 (1) 283.60 (11) 284.80 (12) 298.48 300.93 299.47 324.00 (1) 312.31 (10) 313.37 (11) 319.95 324.12 319.97
36 325.00 (1) 337.16 (12) 336.22 (13) 326.84 330.07 327.97 350.00 (1) 353.22 (11) 352.95 (12) 350.36 355.87 350.35
37 – 367.30 (8) 367.30 (8) – 361.13 358.29 – 384.80 (8) 384.80 (8) – 389.74 382.07
38 – 392.50 (8) 392.50 (8) – 394.16 390.05 – 412.72 (8) 412.72 (8) – 425.8 416.97
39 – 423.00 (3) 423.00 (3) – 429.23 424.64 – 452.00 (5) 452.00 (5) – 464.13 453.34
40 – 466.23 (3) 466.23 (3) – 466.41 460.8 – 492.61 (3) 492.61 (3) – 504.81 491.84
43 – 613.90 (3) 613.90 (3) – 591.34 581.94 – 641.62 (3) 641.62 (3) – 641.72 620.79
Total 335 198 533 335 198 533
(number of ﬁsh between brackets).
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Table 4 Mean condition factor of M. merluccius per 5 cm
length groups in the Egyptian Mediterranean waters off
Alexandria.
Length groups (cm) Males Females Combined sexes
No. Av-K No. Av-K No. Av-K
14–18 cm 26 0.611 26 0.611
19–23 83 0.594 26 0.616 109 0.599
24–28 140 0.649 70 0.659 210 0.652
29–33 81 0.678 43 0.674 124 0.677
34–38 5 0.707 46 0.699 51 0.700
39–43 11 0.733 11 0.733
Average 355 0.64 196 0.67 531 0.651
Males
Females
14-18 cm 19-23 24-28 29-33 34-38 39-43
length groups
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Figure 2 Mean condition factors of M. merluccius per 5 cm
length groups in the Egyptian Mediterranean waters off
Alexandria.
Table 5 Seasonal variations in the mean condition factor (K)
in function of sex for M. merluccius in the Egyptian Mediter-
ranean waters off Alexandria.
Seasons Males Females Combined sexes
No. Av-K No. Av-K No. Av-K
Spring 97 0.618 43 0.628 140 0.621
Summer 79 0.621 52 0.653 131 0.634
Autumn 68 0.629 48 0.682 116 0.651
Winter 91 0.689 53 0.710 144 0.697
Average 335 0.640 196 0.670 531 0.651
males
Femals
WinterAutumnSummerSpring
0.560
0.580
0.600
0.620
0.640
0.660
0.680
0.700
0.720
Figure 3 Seasonal variations in the mean condition factor (K) in
function of sex for M. merluccius in the Egyptian Mediterranean
waters off Alexandria.
Comparison of biological aspects between two sexes of Merluccius merluccius 313The average observed and calculated weights for males,
females and combined sexes (Table 3) show that the calculated
weights coincides with those of empirical ones.
By ﬁtting non-linear regression to the data of length–gutted
weight relationship, it could be observed that the value of ‘‘t’’
for females (2.03385) was signiﬁcant at 0.05 level which show
allometric growth, whereas the values of ‘‘t’’ for both males
(0.3437) and combined sexes (0.5883) were insigniﬁcant at
0.05 level indicating isometric growth.
Condition factor
Variation of condition factor with length
The values of the condition factor ‘‘k’’ of M. merluccius were
calculated for each 5 cm length group by using gutted weight
(Table 4 and Fig. 2). It is obvious that the values of condition
factor increase with increasing length Groups.
Generally, females have higher condition factor (0.670)
than males (0.640) (t= 2.499, df= 43).
Seasonal variation of condition factor
Table 5 and Fig. 3 show that higher value of condition factor
was observed in winter for both males and females i.e. before
spawning season which starts from April to June.
Discussion
Themain objective of this study was to establish the inﬂuence of
sex on morphometric measurements. Length–weight relation-
ship and condition factor for the demersal ﬁsh M. merluccius
show that females have comparatively higher mean morpho-metric dimensions in all morphometric dimensions than males
except eye diameter, while differences were statistically signiﬁ-
cant in seven morphometric dimensions, while males have
signiﬁcant statistics only in eye diameter. The variation in mor-
phometric dimensions between the two sexes forM. merluccius
also reported by Dinolevi et al. (2004) in strait of Sicily (central
Mediterranean) and he discussed this result as conversely to
genetic effect so, the present study advises to separate between
the sexes ofM.merluccius on comparing betweenmorphometric
measurements of the two localities.
On studying size frequency, it was observed that the ratio of
females increases with size till they reach a certain size, males
disappeared completely and the catch was totally females, this
is due to the fact that female M. merluccius reach larger size
and grow older than males as reported by Abd El Aziz
(1976), Mugahid and Hashem (1982), Pineiro and Sainza
(2003) and De pontual et al. (2006).
The length–weight relationship and condition factor are
important biological tools in studying ﬁshery management
(Kolher et al., 1995 and Philips 2004). In the present study,
the ponderal growth in this species was found to be allometric
for females and isometric for both males and combined sexes.
Since the values of length–weight constants a & b vary usu-
ally within narrow limits it is preferable to compare the present
data with other authors using calculated weights for the same
length groups by applied covariance analysis (Snedecor and
Cochran, 1982). It is obvious from Table 6 that,M. merluccius
in the present study in the Egyptian Mediterranean waters
shows no signiﬁcant differences with Abd El Aziz (1976) and
Table 6 Covariance analysis evaluating the length-weight relationship for combined sexes ofM. merluccius of the present study and of
different authors in various regions.
Authors Regions a b r2 FB FM
Calc. total weight
Abd El Aziz (1976) Egypt. Mediterranean 0.0003 3.139 1.9507 (N.S) 0.55715 (N.S)
Soliman (1992) Egypt. Mediterranean 0.0050 3.109 0.989 0.2106 (N.S) 0.01931 (N.S)
Ices (1991) Bay of Biscay 0.0051 3.074 4.5835* 7.145**
Lucio et al. (2000) Bay of Biscay 0.0063 3.019 0.990 4.3473* 4.508*
Pineiro and Sainza (2003) Iberian Atlantic waters 0.0073 2.981 3.6980* 2.5823*
Belcaid and Ahmed (2011) Moroccan 0.0008 2.980 307739* 0.07728
Costa (2013) Portuguese coast 0.0038 3.172 1.21296 2.74839*
Present study Egypt. Mediterranean 0.0034 3.2195 0.999
Calc. gutted weight
Costa (2013) Portuguese coast 0.0052 3.059 3.114728* 3.59907*
Present study Egypt. Mediterranean 0.0031 3.2274 0.998
a: intercept; b: slope; r2: correlation coefﬁcient; FB: test of slope; FB: test of adjusted mean. N.S. in signiﬁcant.
* Signiﬁcant at 5% level.
** Signiﬁcant at 1% level.
314 A.E. PhilipsSoliman (1992) in the same region, while this species in the
present study was less heavier than those reported in Bay of
Biscay (Ices, 1991; Lucio et al., 2000), Iberian Atlantic
(Pineiro and Sainza, 2003), Moroccan (Belcaid and Ahmed,
2011), and in Portuguese coast (Costa, 2013). These variations
in different regions (Table 6) can be attributed to different
conditions of food and temperature prevailing in these areas
(Bruton, 1990) and water temperature can also affect ﬁsh
growth directly by affecting the physiology of the ﬁsh
(Weatherly and Gills, 1987). Ross (1988) observed that cool
water produces larger, older and later maturing individuals
of ﬁsh species than warm waters.
The mean condition factor per length groups for both sexes
of M. merluccius increases with length, but this increase
appears most intensively for females due to the fact that
females reached older ages and bigger sizes than males, this
observation agrees with Abd El Aziz (1976) and Philips
(2014), this may be due to differences in metabolism and
oxygen consumption between sexes (Pauly, 1980).
The condition factor shows higher value in winter for both
males and females i.e. before spawning season which starts
from April to June in the Egyptian Mediterranean waters
(Philips and Ragheb, 2013).
The present study advises to separate between the sexes of
M. merluccius in the case of comparing the morphometric mea-
surements between two localities.
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